Background {#Sec1}
==========

Malaria is an acute infection caused by the protozoan parasite *Plasmodium*. Over 100 species of *Plasmodium* can infect several groups of vertebrates like reptiles, birds, and mammals. However, only six of them are capable of infecting humans: *Plasmodium vivax*, *Plasmodium ov*er, *Plasmodium malariae*, *Plasmodium knowolesi*, *Plasmodium simiu* and *Plasmodium falciparum* \[[@CR1]--[@CR6]\].

Among these species, the *P. ovale* is the least common. It is primarily concentrated in Western Africa, while *P. malariae* is widely distributed with low incidence. Infection by *P. vivax* and *P. falciparum* is the most common and can cause severe anemia. However, only *P. falciparum* may lead to the most severe form of the disease, cerebral malaria (CM) \[[@CR3], [@CR7]--[@CR9]\]. The CM occurs in about 1% of registered cases of the disease, with 2 million deaths worldwide \[[@CR10]\].

The main obstacle to eradicating malaria are the decrease of international and domestic funding, the presence of endemic malaria regions, anomalous weather patterns, parasite resistance of treatment, and mosquito resistance of insecticides \[[@CR11]\]. Countries that have had succeeded or are in progress of malaria control relate success with early diagnosis and rapid and effective treatment \[[@CR11]\].

In 2016, 216 million cases of malaria were registered in 91 countries, with 445.000 deaths. Among the cases, 80% came from countries are in sub-Saharian Africa \[[@CR11]\]. The first clinical symptoms of malaria are nonspecifically starting with the breakage of parasitized erythrocytes that release antigens into the blood, giving start to the host's immunologic response. Children with severe malaria frequently evolved to one or more symptoms, as are the following: severe anemia, respiratory deficit related to metabolic acidosis or cerebral malaria. In contrast, adults often have organs severely compromised \[[@CR11], [@CR12]\].

According to the World Health Organization \[[@CR11]\], CM is an encephalopathy with a coma associated with neurologic disorders due to hemorrhage \[[@CR13]\]. Patients who have survived to CM show permanent neurologic complications as cognitive and speech deficits, motor alterations and cortical blindness \[[@CR14], [@CR15]\]. It is essential to note that the development of CM remains unclear, with only two hypotheses that seek to clarify it \[[@CR1], [@CR10], [@CR16]--[@CR20]\].

A study in 2006 proposed the unification of theories, suggesting that cerebral malaria is a consequence of hypoxia since parasitized erythrocytes adhere to the endothelium wall and induce the blockage of blood flow \[[@CR1], [@CR7], [@CR21]\]. On the other hand, the inflammation theory suggests CM is induced by a high inflammation response initiated by monocytes activation and the induction of pro-inflammatory mediators as interleukins (IL), macrophage colony-stimulating factor (M-CSF), tumour necrosis factor-alpha (TNF-α) and lymphotoxin \[[@CR22]\].

Among them, the TNF-α secretion by macrophages and T CD4^+^ has gotten attention. TNF-α production on the initial CM phase seems to be related to a reduction of parasitic load. However, the overproduction of TNF-α in the late phase is associated with disease severity \[[@CR23]\]. This dual role of TNF-α suggests that the regulation and time production of pro-inflammatory cytokines are essential to infection control \[[@CR23]\]. On endemic malaria areas, children under 5 years old are more susceptible to infection and death, responsible for more than two thirds (70%) of all malaria deaths in this age group \[[@CR24]\].

In this way, this systematic review aimed to gather clinical evidence of the association of cerebral malaria by *Plasmodium falciparum* and TNF-α level increasing in humans.

Methods {#Sec2}
=======

Protocol and registration {#Sec3}
-------------------------

This systematic review was registered on the International prospective register of systematic reviews (PROSPERO), under the number CRD42016042745. The *Preferred Reporting of Systematic Review and Meta-analyses* (PRISMA) were followed \[[@CR25]\].

Strategy search, selection and eligibility criterion {#Sec4}
----------------------------------------------------

From July to September 2018, searches were performed on the following literature bases: PubMed, Latin American and Caribbean Health Sciences Literature database (LILACS), Scopus, Web of Science, The Cochrane Library, OpenGrey and Google Scholar. There was no restriction regarding language or year of publication. In each database, a specific search strategy, combining MESH and free terms was devolved following the rules of each database (Table [1](#Tab1){ref-type="table"}). After the inclusion of selected studies, we performed a hand search on each study's reference list. Also, alerts were created on each database. Table 1Mesh and terms used on searching for articles in the databasesData baseSearch strategy**\#1 AND \#2PubMed\#1**Search (((((((((((((((((Tumor Necrosis Factor-alpha \[MeSH Terms\]) OR Tumor Necrosis Factor-alpha \[Title/Abstract\]) OR TNF-α \[Title/Abstract\]) OR Tumor Necrosis Factor alpha \[Title/Abstract\]) OR TNF Superfamily, Member 2\[Title/Abstract\]) OR Cachectin-Tumor Necrosis Factor \[Title/Abstract\]) OR Cachectin Tumor Necrosis Factor \[Title/Abstract\]) OR TNFalpha \[Title/Abstract\]) OR TNF-alpha \[Title/Abstract\]) OR Tumor Necrosis Factor \[Title/Abstract\]) OR Tumor Necrosis Factor Ligand Superfamily Member 2\[Title/Abstract\]) OR Cachectin \[Title/Abstract\]) OR Tumor Necrosis Factors \[MeSH Terms\]) OR Tumor Necrosis Factor Superfamily Ligands \[Title/Abstract\]) OR Necrosis Factors, Tumor \[Title/Abstract\]) OR TNF Receptor Ligands \[Title/Abstract\]) OR Receptor Ligands, TNF \[Title/Abstract\]) OR Tumor Necrosis Factors \[Title/Abstract\]**\#2**((((((Humans \[MeSH Terms\]) OR Humans \[Title/Abstract\]) OR Man (Taxonomy)\[Title/Abstract\]) OR Man, Modern \[Title/Abstract\]) OR Modern Man \[Title/Abstract\]) OR *Homo sapiens* \[Title/Abstract\]) OR Human \[Title/Abstract\]**\#1 AND \#2Scopus**\#1TITLE-ABS-KEY ("Tumor Necrosis Factor-alpha") OR TITLE-ABS-KEY (tnf-α) OR TITLE-ABS-KEY ("Cachectin Tumor Necrosis Factor") OR TITLE-ABS-KEY (tnfalpha) OR TITLE-ABS-KEY ("Tumor Necrosis Factor") OR TITLE-ABS-KEY ("Tumor Necrosis Factor Ligand Superfamily Member 2") OR TITLE-ABS-KEY (cachectin) OR TITLE-ABS-KEY ("TNF Receptor Ligands")**\#2**TITLE-ABS-KEY (humans) OR TITLE-ABS-KEY ("Modern Man") OR TITLE-ABS-KEY ("Homo sapiens") AND TITLE-ABS-KEY ("Cerebral Malaria") OR TITLE-ABS-KEY ("Malaria Meningitis") OR TITLE-ABS-KEY ("*Plasmodium falciparum*") OR TITLE-ABS-KEY ("Malaria, Falciparum") OR TITLE-ABS-KEY ("Plasmodium falciparum Malaria")**\#1 AND \#2Cochrane\#1**Tumor Necrosis Factor-alpha OR tnf-α OR Cachectin Tumor Necrosis Factor OR tnfalpha OR Tumor Necrosis Factor OR Tumor Necrosis Factor Ligand Superfamily Member 2***\#2***humans OR Modern Man OR Homo sapiens AND Cerebral Malaria OR Malaria Meningitis OR Plasmodium falciparum OR Malaria, Falciparum OR Plasmodium falciparum Malaria in Title Abstract Keyword - (Word variations have been searche**\#1 AND \#2Web of Science**\#1Tópico: (Tumor Necrosis Factor-alpha) OR Tópico: (TNF-α) OR Tópico: (Cachectin Tumor Necrosis Factor) OR Tópico: (TNFalpha) OR Tópico: (Tumor Necrosis Factor\*) OR Tópico: (Tumor Necrosis Factor Ligand Superfamily Member 2) OR Tópico: (Cachectin) OR Tópico: (TNF Superfamily, Member 2) OR Tópico: (TNF Receptor Ligands) OR Tópico: (Tumor Necrosis Factor Superfamily Ligands)**\#2**Tópico: (Human\*) OR Tópico: (Modern Man) OR Tópico: (Man (Taxonomy)) OR Tópico: (Homo sapiens)**Open Grey**TNF AND HUMAN AND CEREBRAL MALARIA**\#1 AND \#2LILACS**\#1(tw:(Tumor Necrosis Factor-alpha)) OR (tw:(TNF-α)) OR (tw:(Cachectin Tumor Necrosis Factor)) OR (tw:(TNFalpha)) OR (tw:(Tumor Necrosis Factor\$)) OR (tw:(Tumor Necrosis Factor Ligand Superfamily Member 2)) OR (tw:(Cachectin)) OR (tw:(TNF Receptor Ligands))\#2(tw:(Human\$)) OR (tw:(Modern Man)) OR (tw:(Homo sapiens)) AND (tw:(Cerebral Malaria)) OR (tw:(Malaria Meningitis)) OR (tw:(Plasmodium falciparum\$)) OR (tw:(Malaria, Falciparum)) OR (tw:(Plasmodium falciparum Malaria))**Google Scholar**"Tumor Necrosis Factor-alpha" AND TNF-α AND "Cerebral Malaria" AND HUMANS AND NOT BOOKS AND NOT ANIMAL AND NOT "IN VITRO" AND NOT REVIEW AND NOT SYSTEMATIC REVIEW

After searches, duplicated studies were identified and excluded in a reference manager software (EndNote X7, Thomson Reuters). The selection of studies was performed independently by two reviewers (LKRL and BP) according to the following PECO: (**P- p**opulation) Humans; (**E- e**xposition) presence of cerebral malaria induced by *Plasmodium falciparum*; (**C- c**omparison) presence of severe malaria but no cerebral commitment; (**O- o**utcome) Association between TNF-α immunologic response on a blood sample from patients that have been infected by *Plasmodium falciparum* and have developed cerebral malaria.

We first selected studies by title and abstract and then by full reading. A third reviewer (RRL) was consulted in case of disagreement. To the final selection of eligible studies, we took into consideration studies that have infected groups (by *P. falciparum* and CM) and reference group (infected by *P. falciparum* with no CM). We also included studies with TNF-α level dosage, at least in one sample. We excluded reviews, animals, and in vitro studies, clinical cases, case series, guidelines and editorials.

Data extraction and risk of bias {#Sec5}
--------------------------------

After the selection of studies by full reading, we performed data extraction taking into account the region, infected population by *P. falciparum* with or without the development of CM, criterion for group characterization, collection methods and data analysis.

The methodological quality and risk of bias followed the protocol by Fowkes and Fulton's \[[@CR26]\] of a medical study. This protocol is based on questions about experimental design as a sample, presence of reference group (infected by *P. falciparum,* without CM), quality of methodology and results, withdrawals or loss of sample, experimental bias and confounding factors. Each question was answered according to the following code: (0) no problem; (+) minor problem; (++) major problem; (NA) not applicable (Table [2](#Tab2){ref-type="table"}). Table 2Domains and risk of bias considered in risk of bias evaluation, according to Fowkes and Fulton \[[@CR26]\]GuidelineChecklistDescriptionIs the study design appropriate to objectives?objective common designThe type of study was marked in the appropriate \\type of study. If the type of study was appropriate according to the study design was marked as "0" and as "++" if it was not appropriate.prevalence of Cross-sectionalPrognosis CohortTreatment Controlled trialCohort, case-control, cross-sectionalStudy sample representative?Source of sampleIt was identified as (0) when the origin was described in detail, a minor problem (+) when the study inaccurately cites the studied population region and a larger problem (++) was identified when the origin of the population was not mentioned sample.Sampling methodThe item was assigned (0) for a full description of the sampling method, (+) for poor or no description of sample method, with no problem in matching between groups and (++) for poor or no description of sample method, interfering in the matching of the groups.Sample sizeWhen the sample calculation was representative of the group, it was identified as (0). It was identified as a minor problem (+) when the sample calculation was not representative of the population under analysis, or when the study did not use a sample calculation. A larger problem (++) was identified when there was no sample calculation, and when the sample was \< 50.Entry criteria/exclusionThe presence or absence of the points determined as important for eligibility in this review was assessed. The diagnosis of *P. falciparum* malaria, with groups with cerebral malaria and without cerebral malaria, was taken into account. Both sexes of all age groups were included, except pregnant women and participants identified with comorbidities and co-infected. For this criterion, it was identified as a minor problem (+) when two exclusion factors (pregnant women, comorbidities and co-infection) and a major problem (++) were present in the control group or the study group when two or more factors are present.Non-respondents(0) was attributed to the studies that presented up to 30% positive responses by the population to participate in the studies, a minor problem (+) when there was a refusal, not being able to compromise the sample and a bigger problem (++) when there were refusal and commitment in sampling; in cross-sectional studies was assigned (NA)Is the Control group acceptable?Definition of controlsIt was considered (0) studies that +showed control infected with P. falciparum, without cerebral malaria, a minor problem (++) when it was not clear the severity of the disease in the control group and a problem.Source of controlsIt was identified as (0) when the origin was described in detail, a minor problem (+) when the study inaccurately cites the studied population region and a larger problem (++) was identified when the origin of the population was not mentioned sample.Matching/randomizationStudies with paired groups were considered a minor problem (+) in situations where it was not clear how the samples were paired, but the groups were paired with a larger problem (++) when there was no description or matching of sample groups.Comparable characteristicsWe considered (0) studies that had sample groups with comparable characteristics and (++) when the study variables could not be matched and / or comparable.Quality of measurements and outcomes?Validity(0) when the methods applied were appropriate for the study; was assigned a minor (+) problem when only one method for the analysis was used, but with reliable characteristics for the desired objective and a larger problem (++) when the methods used were not sufficient to meet the objective of the study.Reproducibility(0) was identified when the evaluation of the methods was clearly described. They were considered as problems when the malaria diagnostic evaluation methods were not well described, do not describe how the sample was considered regarding the severity level of the disease, do not tell the type of infecting parasite, the lack of information regarding the quantification tests of TNF-α. A minor problem (+) when one of the previous items were present. A larger problem (++) when in presence two or more of the previous factors present.BlindnessIt was considered (0) when the study presented blinding and (++) when it did not present blinding.Quality controlWhen the diagnosis of malaria was not performed by a health care provider, when analyzes of TNF-α levels were performed by academics in the absence of a supervisor or when it did not cite which professional performed the assessments, a minor problem (+) was considered when one of the previous items was present and a bigger problem (++) when two items were present in the studies.CompletenessComplianceIt was considered (0) in the studies where the samples remained the same from the beginning to the end, or in a decreasing situation. There was no impairment in the power of the test used, (+) when the sample decrease during the study was able to compromise the. However, there were reasons and adjustments, and (++) was identified when the difference in sample size during the study compromised the power of the test, without justifiable reasons.DropoutsIt was considered as (0) when there was no withdrawal during the study, and (++) when there were withdrawals during the study; in cross-sectional studies was assigned Not Applicable (NA).DeathsThis item was scored as Not Applicable (NA) due to the type of PECO strategy.Missing dataThe studies were identified with (0) when there was no loss of data (+) when there was loss without, however, compromising the statistical analysis and (++) when there was loss associated with the impairment of the statistical analysis.Distorting influences?Extraneous treatments(0) was used when there was no influence of external factors, (+) when there were external factors without interfering in the results of the studies and (++) when there were external factors and impairment in the resultsContaminationThis item was scored as Not Applicable (NA) due to the type of PECO strategy.Changes over timeIt was classified as NA because the studies were performed in a determined period after the diagnosis of *P. falciparum* infection.Confounding factorsIt is characterized as a confounding factor when the patient of the study presents a clinical picture of previous anemia or when it presents a subclinical inflammatory picture. It was considered (0) when there were no confounding factors, a minor problem (+) when one of the factors was present, and a bigger problem (++) when two factors were present.Distortion reduced by analysis(0) was used when in the studies are cited the adjustment of the variables that present distortions, (+) when the adjustment is cited in the studies, but it does not make clear the criteria used and (++) when the distortions were identified and not adjusted.Summary questionsBias: Are the results erroneously biased in a certain direction?YES or "NO" answers were assigned for each question. If the answer is NO at the three questions, the article is considered reliable, with low risk of bias.Confounding: Are there any serious confusing or other distorting influences?Chance: Is it likely that the results occurred by chance?

Lastly, three questions were answered with YES or NO, aiming to show bias, confounding and probability of chance if NO was answered on all three questions; the study was classified as soundness and with low bias.

Level of evidence {#Sec6}
-----------------

A summary of the overall certainty of the evidence was presented using "Grading of recommendations, assessment, development and evaluation" (GRADE) tool \[[@CR27]\]. Included studies were evaluated according to their design, study quality, consistency, and directness. A comparison between TNF-alpha levels in cerebral malaria and severe malaria was performed in studies evaluating children \[[@CR28]--[@CR30]\] and adults \[[@CR31]--[@CR33]\].

Results {#Sec7}
=======

After search we identified 2338 studies. Most of which were at Scopus (*n* = 1046), followed by Web of Science (*n* = 635), Pubmed (*n* = 248), Google Schoolar (*n* = 237), Cohcrane (*n* = 109) and Open grey (*n* = 01). Alerts did not informed non studies that satisfied the inclusion criterion of this present review.

After the search for duplicated studies, 621 were excluded, remaining 1717 studies. After title and abstract reading, 1682 studies were excluded, and 34 were selected by full reading. The studies selected were: Grau et al. \[[@CR34]\], Kwiatkowski et al. \[[@CR28]\], Shaffer et al. \[[@CR35]\], Molyneux et al. \[[@CR36]\], Deloron et al. \[[@CR37]\], McGuire et al. \[[@CR38]\], Nicolas et al. \[[@CR39]\], Baptista et al. \[[@CR40]\], Chuncharunee et al. \[[@CR41]\], Mordmuller et al. \[[@CR42]\], Udomsangpetch et al. \[[@CR43]\], Brown et al. \[[@CR44]\], Day et al. \[[@CR45]\], Maneerat et al. \[[@CR46]\], Akanmori et al. \[[@CR30]\], May et al. \[[@CR47]\], Ubalee et al. \[[@CR48]\], Esamai et al. \[[@CR49]\], Manish et al. \[[@CR50]\], Lyke et al. \[[@CR51]\], Armah et al. \[[@CR52], [@CR53]\], Cabantous et al. \[[@CR54]\], Kinra and Dutta \[[@CR31]\], Prakash et al. \[[@CR32]\], Hananantachai et al. \[[@CR55]\], Tchinda et al. \[[@CR56]\], Hassan et al. \[[@CR57]\], Mergani et al. \[[@CR58]\], Nmorsi et al. \[[@CR59]\], Thuma et al. \[[@CR29]\], Rovira-Vallbona et al. \[[@CR60]\], Pereira et al. \[[@CR61]\], Sahu et al. \[[@CR61]\].

According to the criterion of this present review, seven studies were excluded due to the absence of CM group \[[@CR36], [@CR42], [@CR45], [@CR51], [@CR57], [@CR59], [@CR61]\], three due to the absence of reference group without CM \[[@CR44], [@CR50], [@CR58]\], 13 studies due to inclusion of antimalarial drug treatment \[[@CR34], [@CR35], [@CR37], [@CR39]--[@CR41], [@CR43], [@CR46]--[@CR48], [@CR56], [@CR59], [@CR60]\], two due to the absence of TNF-α level quantification \[[@CR38], [@CR55]\] and one for being a summary of event annals \[[@CR52]\] (Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Flowchart diagram of literature search according to PRISMA guidelines

Only eight studies \[[@CR28]--[@CR33], [@CR52]--[@CR54]\] **fit in** the criterion of this present review and were **included in** the qualitative analysis. The reference list of each one was checked, and no new study was found. Figure [1](#Fig1){ref-type="fig"} shows the flow chart of each step of the study selection.

Studies characteristics and risk of bias {#Sec8}
----------------------------------------

After selection of studies, eight \[[@CR28]--[@CR33], [@CR52]--[@CR54]\] were selected to quality analysis. Among them, Akanmori et al. \[[@CR30]\], Armah et al. \[[@CR52], [@CR53]\], Cabantous et al. \[[@CR54]\], Kwiatkowski et al. \[[@CR28]\] and Thuma et al. \[[@CR29]\] were performed at Africa, Prakash et al. \[[@CR32]\]. Sahu et al. \[[@CR33]\] were performed in India, and Kinra and Dutta \[[@CR31]\] have not specified where the study was performed. About the population age range, Armah et al. \[[@CR52], [@CR53]\], Cabantous et al. \[[@CR54]\], Kinra and Dutta \[[@CR31]\], Kwiatkowski et al. \[[@CR28]\] have not maked it clear in the study, Akanmori et al. \[[@CR30]\] have evaluated patients aged 3 to 12 years old, Prakash et al. \[[@CR32]\] evaluated patients aged 5 to 75 years old, Sahu et al. \[[@CR33]\] patients under 15 years old while Thuma et al. \[[@CR29]\] evaluated children under 6 years old. All studies have set up as inclusion criterion of CM group patients in a coma with a score less than two and a severe malaria group with conscious patients, with hepatocytes less than 15% and/or hemoglobin less than 7 g/dl. Besides, seven studies realized TNF-α dosage by Elisa while Armah et al. \[[@CR52], [@CR53]\] have performed *a post-Morten* study with TNF-α quantification by immunohistochemistry (Table [3](#Tab3){ref-type="table"}). Table 3Characteristic of samples and data of included studiesAuthor, yearMethods of evaluationResultsStatistical analysisSource of sampleSize of sampleAgeInclusion criterionSample type/TNF-α dosage**Akinori et al., 2000** \[[@CR62]\]Accra (Hospitalized patients) and Dodowa Community (control group), both in Ghana.1995: Cerebral Malaria - 41, Severe Malaria -- 10;1997: Cerebral Malaria - 60, Severe Malaria - 243 to 12 yearsCM: Unrousable coma (Blantyre Coma Score 3/4 3)SM: Haemoglobin \< 5 g/dL in fully consciousBlood/ ELISA KitsTNF-α levels were significantly higher in CM (147 ± \[113--192\]) compared to SM (87 ± \[54--139\]) and UM (77 ± \[58--102\]).One-Way and Two-Way Parametric ANOVA following Tukey's posthoc test. Data were considered significant when *p* \< 0,05**Sample Armah et al., 2005** \[[@CR52], [@CR53]\]Emergency Unit at the Department of Child Health - Korle-Bu Teaching Hospital, Accra, Ghana.Cerebral Malaria -- 10Severe Malaria - 5--CM: Blantyre coma score of 2SM: Haemoglobin \< 5 g/dL in fully consciousBrain (Post-Morten)/Immunostaining for TNF-alfaTNF-α was expressed in CM brain sections in the intravascular, perivascular and intraparenchymal pattern, but none of the sections of the other group.For each of the six antigens studied, the percentage of immunostained cases and the intensity of staining were compared between the five groups of cases and the three regions of the brain.**Cabantous et al., 2006** \[[@CR54]\]Gabriel Toure and Hospital in Bamako, Mali.Cerebral Malaria -- 58Severe Malaria - 27--CM: Unrousable coma (Blantyre Coma Score 3/4 3)SM: with a thick blood film positive for *P. falciparum*, a packed cell volume of 15%, and no impaired consciousness.2--5 ml Blood TNF levels by ELISA.Our analysis also failed to detect significant differences in TNF-α plasma levels between children with CM or SM and control children.Unmatched groups were compared by using the Mann-Whitney U test (SPSS 10.1 software), with *P values* of \< 0.05 being considered significant. The levels of TNF in the plasma of children with CM and SM were low (median 1 pg/ml) and not significantly different.**Kinra and Dutta, 2013** \[[@CR31]\]This was a multicentric study carried out in three hospitals simultaneously.Cerebral Malaria -- 2Severe Malaria - 14--CM: were comatose and had detectable *P. falciparum* asexual forms in peripheral blood,SM: Subjects with parasite index of more than 1%, blood sugar \< 60 mg/dl), severe anaemia (Hb \< 7 g/dl)Plasma sample/ELISA KitsCompared with the children with uncomplicated malaria, mean plasma TNF-α levels were twice as high in cerebral malaria survivors and ten times as high in the fatal cases.The nonparametric test (Mann-Whitney rank-sum test) was used for TNF-α analysis. Normally distributed data were analyzed using Student's t-test (all p values are two-tailed). Pearson's correlation coefficient was used to evaluate the relationship within normally distributed variables. *P values* \< 0.05 were considered significant.**Kwiatkowski et al., 1990** \[[@CR28]\]Royal Victoria Hospital, Banjul, The Gambia and the Medical Research Council (MRC) Laboratories, Fajara, The Gambia.Cerebral Malaria -- 110;Middle Malaria - 178--CM: Coma score of 2 or less, persists for more than 30 min after any convulsions had ceasedMM: Febrile illness in a child with asexual, without other satisfactory explanation for the fever and cerebral malária.Plasma sample/ELISA KitsIn plasma samples collected within 4 h of presentation, the geometric mean TNF-α concentration was higher in malária than in non-malaria patients and increased with the severity of malaria, levels were significantly higher in fatal CM than in non-fatal CM, in non-fatal CM than in MM.The detection limits of these assays were: TNF- 10 pg/ml; IL-lot 10 pg/ml; and IFN-y 25 pg/ml. For statistical purposes, results below these limits were assigned values of 5 pg/ml, 5 pg/ml, and 12--5 pg/ml, respectively. Data were analyzed with the software package SPSS/PC+ v3.1.**Prakash et al., 2006** \[[@CR32]\]Gondia District of Maharashtra State, India.Cerebral Malaria -- 26Severe Malaria - 335 to 75 yearsCM: were in a comatose stateSM: were fully conscious and were able to respond well verbally to the doctors' questionsPlasma sample/estimated by use of Opti-EIA kitsThe levels of IL-1b, IL-10, TNF-α, and TGF-b were observed to be most significantly increased in the CM group, compared with those in the endemic control group or in the other groups of *P. falciparum*-infected patients (for all comparisons, *P* \< 10^−6^).Comparisons between groups were calculated by the Mann-Whitney rank-sum test. The significance criterion was a Bonferroni-corrected *P* value \< 0.05. For this purpose, special macros addition to the software IgorPro (version 3.16; WaveMetrics) were used.**Sahu et al., 2013** \[[@CR33]\]SCB Medical College and Hospital, Cuttack, and Regional Medical Research Centre in Orissa, both in Odisha, India.Cerebral Malaria -- 52Severe Malaria - 85\< 15 yearsCM: was further defined as patients with altered sensorium, GCS (Glasgow Coma Scale) of 610SM: hemoglobin \< 5 g/dl and acute renal failurePlasma/ ELISA KitsSignificantly elevated levels of TNF-α were noted in all the parasitemic study patients compared to control (12.51 ± 1.779 pg/ml) the highest in MOD (68.57 ± 8.617 pg/ml) followed by CM (52.40 ± 5.285 pg/ml) than the SMSignificance determined by the Kruskal--Wallis test enabled subsequent intergroup comparisons using the Mann--Whitney U test; *P* \< 0.05 (2-tailed) was considered significant. The correlations were carried out using the Pearson's rank test (r) to investigate the relationship between MP counts with clinical as well as biological parameters and TNF-α level. *P* \< 0.05(a) was considered significant.**Thuma et al., 2011** \[[@CR29]\]Pediatric Unit of Yaound' e Central Hospital, known as The Chantal Biya Foundation, Cameroon.Cerebral Malaria - 28;Severe Malaria - 72\< 6 yearsCM: screening hematocrit level of \> 18% and unarousable coma as defined by a Blantyre coma score of \< 2SM: screening hematocrit level of, 15% and the absence of comaPlasma/Multiplex Immunoassay kits (LINCO Research)In contrast to those of the children with severe malarial anemia \[33.1 (12.3--96.5)\], none of the plasma concentrations of the originally selected immune markers differed significantly between children with cerebral malaria \[44.7 (35.6--100.4)\].Continuous variables were compared with the Kruskal-Wallis test, and categorical variables were compared with the Fisher exact test. Relationships between 2 continuous variables were assessed with the Spearman correlation coefficient.*SM* Severe malaria, *CM* Cerebral malaria

All studies were classified as observational. About the representativeness of samples, only Kinra and Dutta \[[@CR31]\] showed a major problem of local sampling since it was not clear where the study was performed. Regarding sample size, only Kwiatkowski et al. \[[@CR28]\] showed a minor problem due to the sample size greater than 50, while all other studies did not show sample calculation and sample size were up to 50 at least in one group being attributed as a major problem. In the inclusion/exclusion criterion, Kinra and Dutta \[[@CR31]\], Kwiatkowski et al. \[[@CR28]\] and Prakash et al. \[[@CR32]\] showed a minor problem since it was not clear if they included or not a pregnant woman and/or comorbidity and co-infection. The remaining studies, Akanmori et al. \[[@CR30]\], Armah et al. \[[@CR52], [@CR53]\], Cabantous et al. \[[@CR54]\], Sahu et al. \[[@CR33]\] and Thuma et al. \[[@CR29]\] did not show any problem and none of them have shown problems regarding subjects on the study.

On the question about the acceptance of the control group, only Kinra and Dutta \[[@CR31]\] showed a major problem since they did not specify the study region. In the match/randomization question \[[@CR28]--[@CR33], [@CR54]\] showed a minor problem since it was not clear if they matched samples, even though groups were matched. On Armah et al. \[[@CR52], [@CR53]\], we identified a major problem since they did not show a proper description and matching of groups.

On the quality of measurements and outcomes, Armah et al. \[[@CR52], [@CR53]\] showed a major problem regarding validity since the methods performed to quantified TNF-α does not allow us to make comparison with other studies included in this review. On \[[@CR28]--[@CR33], [@CR54]\], no problem was identified regarding reproducibility and quality control. However, when we evaluated blindness, all studies showed a major problem. Finally, on the compliance topic and distorting influences, none of the studies showed problems.

After evaluation of all topics, we identified that only Armah et al. \[[@CR52], [@CR53]\] and Kinra and Dutta \[[@CR31]\] had major problems in their studies. On the study performed by Armah et al. \[[@CR52], [@CR53]\] we identified major problems (++) regarding sample size, matching/randomization, validity and blindness, while on the study performed by Kinra and Dutta \[[@CR31]\] we identified major problems (++) regarding the definition of the source of sample, sample size, and blindness. Minor problems (+) were identified in the inclusion/exclusion criterion and randomization. On the studies performed by Akanmori et al. \[[@CR30]\], Cabantous et al. \[[@CR54]\], Kwiatkowski et al. \[[@CR28]\], Prakash et al. \[[@CR32]\], Sahu et al. \[[@CR33]\] and Thuma et al. \[[@CR29]\] did not show as many problems as Armah (2005a) \[[@CR52]\]. They were selected for the evaluation of the association of TNF-α and CM.

Concerning the analysis of the risk of bias, we answered three questions: Are the results erroneously biased in a certain direction? Are there any serious confusing or other distorting influences? Is it likely that the results occurred by chance? To all three questions, the answer was NO, suggesting that none of the selected studies showed a high risk of bias (Table [4](#Tab4){ref-type="table"}). Table 4Checklist of quality assessment and risk of bias evaluation of included studies according to Fowkes and Fulton \[[@CR26]\]ChecklistAkinori et al., 2000 \[[@CR62]\]Armah et al., 2005b \[[@CR53]\]Cabantous et al., 2006 \[[@CR54]\]Kinra and Dutta , 2013 \[[@CR31]\]Kwiatkowski et al., 1990 \[[@CR28]\]Prakash et al.,2006 \[[@CR32]\]Sahu et al., 2013 \[[@CR33]\]Thuma et al., 2011 \[[@CR29]\]**Is the study design appropriate to objectives?**Objective common designPrevalence e Cross-sectionalPrognosis CohortTreatment Controlled trialCohort, case-control, cross-sectional00000000**Study sample representative?**Source of sample000++0000Sampling method00000000Sample size**++++++++**+**++++++**Entry criteria/exclusion000+++00Non-respondents00000000**Control group acceptable?**Definition of controls00000000Source of controls000++0000Matching/randomization+++++++++Comparable characteristics00000000**Quality of measurements and outcomes?**Validity0++000000Reproducibility00000000Blindness**++++++**++**++++**++++Quality control00000000**Completeness**Compliance00000000Drop outs00000000DeathsNANANANANANANANAMissing data00000000**Distorting influences?**Extraneous treatments00000000ContaminationNANANANANANANANAChanges over timeNANANANANANANANAConfounding factors00000000Distortion reduced by analysis00000000**Summary questions**Bias:Are the results erroneously biased in a certain direction?NONONONONONONONOConfounding:Are there any serious confusing or other distorting influences?NONONONONONONONOChance:Is it likely that the results occurred by chance?NONONONONONONONO0 = No problem; + = Minor problem; ++ = Major problem; *NA* Not applicable

Among the eight selected studies to the evaluation of TNF-α on study group (with CM) and reference group (without CM), five showed an increase on TNF-α at CM group when compared to non-CM group \[[@CR28], [@CR30], [@CR32], [@CR33], [@CR52], [@CR53]\]. On the other hand, three studies did not show a significant difference between groups \[[@CR29], [@CR31], [@CR54]\]. Those data suggest that the increase in TNF-α is closely linked with the development of human CM by *Plasmodium falciparum*.

Analysis of the level of evidence {#Sec9}
---------------------------------

The levels of TNF-alpha were most increased in cerebral malaria than severe malaria groups for adults and children. The overall level of certainty was classified as low for studies involving adults and children. This result can be associated with the observational nature of the included studies (Table [5](#Tab5){ref-type="table"}). Table 5Grading of recommendation, assessment, development, and evaluation (GRADE) instrumentCertainty assessmentImpactCertaintyImportanceNumber of studiesStudy designRisk of biasInconsistencyIndirectnessImprecisionOther considerationsLevels of TNF-a in adult patients 3observational studiesnot seriousnot seriousnot seriousnot seriousnoneIn three studies, 80 patients with cerebral malaria and 40 patients with severe malaria were evaluated. The mean TNF alpha level was significantly higher in cerebral malaria than in severe malaria in all evaluated studies. The mean levels of TNF alpha level varied from 52.40 to 53.26 pg/ml in the cerebral malaria group. No information was reported among means of TNF alpha level in severe malaria group.⨁⨁◯◯LOWCRITICALLevels of TNF-a in children patients 4observational studiesnot seriousnot seriousnot seriousnot seriousnoneIn four studies, 98 patients with cerebral malaria and 101 patients with severe malaria were evaluated. The mean of TNF alpha level, as well as the immunoexpression reported by one study, were significantly higher in cerebral malaria when compared to severe malaria in the evaluated studies. No information was reported among means of TNF alpha level in both groups.⨁⨁◯◯LOWCRITICAL

Discussion {#Sec10}
==========

In this systematic review, we gathered evidence of the association between Cerebral Malaria and TNF-alpha levels. Among the eight elected studies, five reported an increase in TNF-alpha in patients with cerebral malaria compared to patients with malaria who did not develop Cerebral Malaria; another three articles did not show significant differences between the groups. However, even in the face of the association results presented by most of the selected articles, the low level of evidence presented by them does not offer certainty of the results regarding the association of TNF-alpha with cerebral malaria, according to GRADE criteria.

To gather the evidence presented in this article, we opted for a type of bibliographic research recognized today as the top of the evidence pyramid: the systematic review. A systematic review is a type of study that seeks to gather and analyze articles with similar designs, evaluate them methodologically and, if possible, bring them together in statistical analysis. This type of review seeks to synthesize similar primary studies. It is considered the best level of evidence for decision making in questions about therapy and health conduct \[[@CR63]--[@CR67]\]. In this study, it is possible to perform the quality assessment of methodology and risk of bias following a well-established protocol proposed by Fowkes and Fulton \[[@CR26]\]. This questionnaire aimed to analyze the experimental design and also to show a summary of overall certainty of evidence by "Classification of recommendations, assessment, development and evaluation" (GRADE) \[[@CR27]\]. In this way, this systematic review could bring clarification on the association between TNF-α level and cerebral malaria.

Of the eight eligible studies, only one has not clarified the source of 298 samples. Two were conducted in India, two in Ghana, one in Mali, one in the Republic of 299 Cameroon and one in the Republic of the Gambia (Table [2](#Tab2){ref-type="table"}), (2000), 300 Sahu et al. \[[@CR33]\] and Thuma et al. \[[@CR29]\] included children under the age of 15,301, Prakash et al. \[[@CR32]\] included children and adults (5 to 75 years), while the other 302 studies did not explain the age range of subjects. Malaria is already a serious public health problem. In 2017, WHO estimated 219,000,000 new cases and about 435,000 deaths worldwide, also in 2017, almost half of the world's population was at imminent risk of malaria. Most cases occur in Sub-Saharan Africa, but there are other regions at risk, such as Southeast Asia, the Eastern Mediterranean, the Western Pacific, and the Americas. In 2017, 90 countries had continuous malaria transmission. According to the last global report issued by WHO, in November 2018, about 219 million malaria cases were registered in 2017, 217 million in 2016, which shows that each year, the numbers increase substantially. PAHO-WHO \[[@CR68]\], with a large part caused by *P.falciparum*, the most lethal of the six human malaria parasites \[[@CR69]\]. Another important explanation is the presence of the 307 *Anopheles gambiae* mosquito, the most efficient and most difficult to control malaria vector. It is estimated that 1 million people in Africa die each year from malaria 308, with a prevalence of children under 5 years of age \[[@CR70]\].

In areas of stable malaria transmission, incredibly Young children are the main group with a major risk of malaria morbidity and mortality. The highest incidence of infection on children is in the first or second year of life when they have not yet acquired proper clinical immunity. This makes the early years particularly dangerous, accounting for 90% of all deaths in Africa. Three reasons for this high mortality rate are the development of cerebral malaria, the frequency of malaria infections that leads to severe anemia and the low weight at birth that is frequently associated with malaria infection during pregnancy \[[@CR71]\]. Also, repeated malaria infection makes children more susceptible to another common disease in childhood as diarrhea and respiratory infections \[[@CR36]\].

TNF-α is closely associated with the reduced parasitic load. However, it is shown to be associated with the severity of cerebral malaria if production occurs in its later phase, which may suggest an attempt by TNF-α to control infection, and possibly contribute to the reduction of deaths, especially in children under five, who are the most susceptible to this in endemic areas \[[@CR23], [@CR24], [@CR33]\].

After we have analyzed the eight selected studies in this systematic review, we identified that the TNF-α level was found to be increased on the cerebral malaria group, suggesting TNF-α level could be closely linked to malaria. In the quality assessment, all studies showed major problems regarding sample size and blindness. The study performed by Kinra and Dutta \[[@CR31]\] was the one, which presented the greatest problems among all. In the risk of bias analysis, none of the studies were identified as erroneously skewed in a certain direction, serious influences, other distortions, or that occurred by chance. However, it is important to note that the level of evidence was considered very low to critical.

All studies that have been selected showed their criterion to determine if patients had or not CM. To characterize CM's development, patients should present a coma score lower than 2 \[[@CR69]\]. On the other hand, patients with severe malaria should be conscious of hemoglobin levels lower than 5 g/dl and hematocrit higher than 15%. Those diagnosis criteria are in agreement with the literature \[[@CR69]\]. After classifying subjects on CM or reference group, seven studies have performed the TNF-α level dosage at blood by ELISA. Thus, it was possible to suggest that higher TNF-α levels are showed on the CM group when compared to the reference group.

Regarding sample representativeness, one of the major problems identified in all selected studies is related to the absence of sample size calculation fewer than 50. This problem was identified in seven out of eight selected studies. Malaria studies performed in humans are fundamental to have a high sample size to ensure the population's representativeness \[[@CR11]\]. In addition, we identified minor problems in the acceptance of the control group regarding sample matching. That was not clear in all studies, as well as the absence of blindness that was found to be a major problem. Those problems are capable of getting influence on diagnosis, parasite identification and characterization of groups on each study \[[@CR69]\]. Despite the identification of high TNF-α level in CM group and the fact that studies did not show a risk of bias or inconsistency, indirection and inaccuracy, the level of evidence was considered low since included studies were classified as observational, which makes it difficult to accurately measure the error rate.

The antigen production induced by CM leads to the activation of the immunologic system, such as monocytes activation that is responsible for pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α \[[@CR22]\]. However, the TNF-α role of CM development remains unclear. In this way, this systematic review has been performed a detailed analysis of five out of eight selected studies. It has identified an increasing production of TNF-α on the CM group when compared to the reference group.

Kwiatkowski et al. \[[@CR28]\] have shown an increase in TNF-α production in the acute infection phase by *P. falciparum* on children. However, the circulating concentrations are unusually high in the minority of CM patients with CM when compared to the majority that develops fever without severe complication. However, high concentrations of TNF are associated with death even after the correction of parasitemia and glucose concentrations by multivariate analysis. This observation is following the hypothesis that excessive TNF production could contribute to the pathogenesis of malaria.

Conclusion {#Sec11}
==========

We may conclude that the TNF level seems to be associated with cerebral malaria by *P.falciparum.* However, it is still necessary for the development of studies that make use of a greater sample size to have a more reliable and representative analysis. Even malaria is no longer considered a neglected disease; it is still necessary to investigate this association's temporal course, especially on children under 5 years old.

CM

:   Cerebral malaria

IL

:   Interleukins

M-CSF

:   Macrophage colony-stimulating factor

PfEMP1

:   Parasitized erythrocyte

SM

:   Severe malaria

TNF-α

:   Tumor necrosis factor-alpha

WHO

:   World health organization
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